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(54) Moulding material for fibre reinforced plastic tubes. 



(57) A moulding material for forming tubes of fibre reinforced 
resins comprises a central tube substantially impervious to 
fluid pressure, at least one matrix resin tubular layer, and at 
least one reinforcement fibre tubular layer, each of which 
layers is substantially separate, the resin and fibre layers 
alternating and located co-axially about the central tube. The 
material can be formed and moulded without disturbing the 
arrangement of the fibres. 
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MOULDING MATERIAL FOR FIBRE REINKBCED PLASTIC TUBES 

Background of the invention 
Field of the invention 

This invention relates to the moulding material useful for 
forming fibre reinforced plastic tubes, particularly bent tubular 
structures . 

Fibre reinforced plastic tubes demonstrate superior physical 
5 properties such as light weight and high strength and are used not 
only for the shafts of golf clubs, fishing rods and other straight 
tubes but also for tone arms of record players, putter shafts, tennis 
racket frames, badminton racket frames, pipe chain frames, bicycle 
frames and other curved tubular structures. 

10 The moulding material with which this invention Is 

concerned and which can be used to form tubes features a reinforcing 
fibre tubular layer that is kept substantially separate from a matrix 
resin layer. Therefore, the material is suitable for forming fibre 
reinforced plastic tubes according to the internal pressure moulding 

15 process using a moulding tool especially for forming curved tubes. 

With this moulding material the freedom of the reinforcing 
fibres to expand and contract in the process of fonfting is not 
interfered with by the matrix resin. Thus, the moulding materia] 
can be formed into tubular structures free f ran defects such as an 

20 undesirable bend in the reinforcing fibres so that various physical 
properties such as strength, of the reinforcing fibres are maintained 
unchanged. 

Description of the prior art 

To form the fibre reinforced plastic tubes there have been 
25 used a filament winding process and a mandrel forming process using 
a lapping tape. 

In addition to these processes, another process has been 
developed. In this process a moulding material comprising a matrix 
of resin-inpregnated reinforcing fibres is wound around the outside 
30 periphery of & flexible rubber tube and is set in a moulding tool 
for pressure moulding. Pressurized gas is then charged into the 
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rubber tube for pressure moulding by forcing this moulding material 
Into close contact with the inner surface of the moulding tool. 

Both the filament winding process and mandrel forming 
process may subject the fibre reinforcing plastic tubular layer to 
wrinkling in the moulding process. 
5 Accordingly, each of these processes requires considerable 

care in foaming the fibre reinforced plastic tubes to ensure the 
reinforcing fibre tubular layer is free of wrinkles and thus main- 
tains unimpaired the various physical properties of the reinforcing 
fibres. 

10 Moreover, these processes involve another problem in that 

mandrel stripping cannot be used in forming a fibre reinforced 
plastic curved tube. 

As a result, it is difficult to form the fibre reinforced 
plastic curved tube with thb "features of light weight , high 

15 strength and high elasticity. 

As it is clear from the above, these processes require som 
improvements in order to eliminate these problems. 

The process of moulding already described employing 
pressurized gas inside a flexible rubber tube for pressure moulding 

20 is more suitable for forming curved tubes than the filament winding 
and mandrel forming processes. This pressure moulding process is 
practised with a moulding material consisting of a matrix of 
reinforcing fibres impregnated with resin wound around the outside 
periphery of a flexible rubber tube. In this case the freedom of 

25 inter-fibre movement of the reinforcing fibres is lost by reason of 
the impregnation with the matrix resin which results in wrinkling 
of the reinforcing fibres. The orientation of the fibres is 
disturbed as the moulding material is loaded inside the moulding 
tool. 

30 Thus this pressure moulding process has thus far been 

applied with difficulty to form the fibre reinforced plastic tubes 
with the desired strength, elasticity, periodic damping characteris- 
tics, and other physical properties of the reinforcing fibres, 
Sunraary of the invention 

35 The moulding material of this invention and provided for 
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forming fibre reinforced plastic tubes, features a structure 
consisting of tubular layers of matrix resin and a tubular layer of 
reinforcing fibres, both being fitted separately around the outside 
periphery of a flexible tube for pressure moulding. 

According to the invention therefore there is provided in 
5 a tubular moulding material corprisijig a resin matrix and fibre 
reinforcement , the improvement that a matrix resin tubular layer 
and a reinforcing fibre tubular layer are provided co-axially and 
substantially separate from each other about a central tube which is 
substantially impervious to fluid pressure, 
10 Therefore, both flexibility and inter-fibre movement of the 

reinforcing fibres woven in a tubular layer are assured of being 
free from interference from the matrix resin. 

The moulding material of this invention results in the 
reinforcing fibres being free of undesirable wrinkles as well as 
15 avoiding disarrangement of the direction of the fibres while 
loading into a moulding tool. The result is that the tubes 
moulded fran the moulding material of this invention, are stqperior 
not only in strength and elasticity but also in full availability 
of the sound wave propagating characteristics of the reinforcing 
20 fibres and the periodic damping characteristics. 
Brief description of the drawings 

Figure 1 is an oblique view of one sanple of the moulding 
material of the invention for forming fibre reinforced plastic 
tubular structures . 
25 Figures 2a, 2b, 2c give a sectional view of one structure 

of a moulding material of this invention y for forming fibre 
reinforced plastic tubes. 

Figure 3 shows how a racket frame is moulded, using the 
moulding material of this invention, and a moulding tool. 
30 Brief description of the invention 

The moulding material concerned with this invention for 
use in manufacturing a fibre reinforced plastic tube has a structure 
which ccnprises a matrix resin tubular layer and a reinforcing 
fibre tubular layer provided separately over the outside periphery 
35 of the flexible tube. . 
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In Fig. 1 is an oblique view of one sample of this 
moulding material. In Figs. 2(a), (b) and (c) are the structura 
views in section of the sanples. The flexible tube used for 
preparing the moulding material of this invention can be 
pressurized by gas or other fluid charged into the tube. 
5 The flexible tube is either manufactured from an expansi 

material, i.e. one with elastic properties, rubber tube made of 
natural or synthetic rubber, or a tube manufactured from a substa 
non-permeable to gases or 'substantially n on-permeable substance a 
processed from a thermoplastic such as polypropylene, poly amide, 

10 polyester, ABS resin or polyvinyl chloride. 

If a flexible rubber tube is used in preparing the mould 
material of this invention, it contracts to a certain degree vtfien 
gas pressure applied inside this rubber tube to form a fibre 
r6inforc^ tube'ig feduced. - Therefore, it is desirable to removi 

15 the flexible rubber tube after the forming is over. 

On the other hand a flexible tube made of one of the 
thermoplastic resins specified above, and which is used for prepa 
the moul din g material of this invention, does not contract and 
remain^ in close contact with the inner wall of a fibre reinforce* 

20 plastic tube even after the gas pressure applied inside the expazu 
tube is reduced. 

It is accordingly unnecessary to ronove the expansion tvfl 
Both these flexible tubes and expansible rubber tubes mui 
not be significantly gas permeable so that the gas which has beei 

25 charged into a tube will not leak out via the tube wail. Thus a 
substantially impermeable inner or support tube as employed in th 
invention is a tube which can be pressurized by a fluid for 
sufficient time to complete formation of the desired tube product 
The reinforcing fibre used for preparing the moulding 

30 material of this invention can be an inorganic fibre, such as glas 
fibre, carbon fibre, silicon carbide fibre, boron fibre, or alumu 
fibre or an organic fibre such as aromatic polyamide fibre, high 
elastic polyester fibre or can be a caribination of one or more 
inorganic fibres, organic fibres or both. 

35 In one method of filling a tubular layer of the reinforc: 
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fibres over the outside periphery of the said flexible tube, the 
reinforcing fibres are braided into a tubular structure which is 
in turn fitted over the outside periphery of the flexible tube; 
in another method the reinforcing fibres are braided into a sheet 
or tape which is then wound around the outside periphery of the 
5 flexible tube; in a third method a filament is wound over the 
outside periphery of the flexible tube, using the reinforcing 
fibres. 

It is desirable that the amount of the reinforcing fibres 
used be within the range from 30 to 80% preferably 30 to 70% of 
10 the volume of the reinforced tube. 

For the matrix resin layer can be enployed epoxy resins, 
unsaturated polyester resins, phenolic resins, polyimide resins 
and other thermosetting resins, as well as the thermoplastic resins 
such as poly amide resin, aery loni trye-styrene-but adiene copolymer, 
15 polybtylene. 

Hie method and material of this invention requires that 
the matrix resin layer and the reinforcing fibre layer be 
substantially separate from each other at least during the initial 
stages of producing the tube. By separate is meant that, while 
20 they are in contact, there is no significant penetration of the 
fibre layer by the resin layer. Therefore, it is desirable that 
the matrix resin not be tacky at room temperature . By using a 
matrix resin xvfoose tackiness is quite low at room tenperature, the 
matrix resin layer can be kept substantially separate from the 
25 reinforcing fibre layer. The moulding material related to this 
invention is thus assured of being provided with the superior 
physical properties described previously, 

When the moulding material undergoes foiming, it is 
necessary that the matrix resin be molten enough to flow into and 
30 thoroughly inpregnate the reinforcing fibre layer. 

For the matrix resin with such physical properties as 
the above, it is necessary to select a resin having tackiness 
ranging from 10 to 500 poise at a tenperature for foiming. 

. When a thermosetting resin is used as the matrix resin, 
35 the thermosetting resin must be one having a tackiness ranging from 
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10 to > 500 poise at the temperature at which gelation starts. A 
matrizx resin having a tackiness of less than 10 poise at the said 
teipezrrature will be too fluid at the time of forming. A moulding 
materiial using a very tacky resin will fail to mould into quality 
tubes with favourable physical properties. 
5 However, if the tackiness of the matrix resin is over 

500 pooise, the matrix resin will fail to show sufficient fluidity 
in the later stages of forming. 

As a result, the molten matrix resin cannot thoroughly 
ijiprefgnate the reinforcing fibre layer. When forming is 
10 effecrted with such matrix resin the tubes will not be free of voids 
Tig* 1 gives an oblique view showing the structure of this 
mouldii Tig material concerned with this invention for forming tubular 
waresi. 

A core 1 is put inside flexible tube 2 so that the mouldin 
15 material can be loaded easily into a moulding tool. .This core 1 i 
made rap of a wire or similar material. 

In the structure there is a flexible tube 2, a matrix resi 
tubular layer 3 and a reinforcing fibre tubular layer 4. 

Fig. 2 illustrates three different sections, each shewing 
20 a varied order of arranging the matrix resin tubular layer over the 
reinforcing fibre tubular layer. 

In Fig. 2a is shewn a section of a laminated structure madi 
up of core 1, a flexible tube 2, reinforcing fibre tubular layer 4, 
and matrix resin tubular layer 3, starting frcm the innermost. 
25 In Fig. 2b is shown a section of a laminated structure 

consisting of • core 1, a f lexible tube 2^ a matrix resin tubular 
layer 3, a reinforcing fibre tubular layer 4, and a matrix resin 
tubular layer 3, starting from the innermost . 

In Fig. 2c is shown a section of a laminated structure \tfii< 
30 includes core 1, a flexible tube 2, a matrix resin tubular layer 3, 
a reinforcing fibre tubular layer 4, starting frcm the inneimost. 

When the moulding material is forming using a moulding 
tool normally the dies to be used are preheated in order to reduce 
the cycle time for forming. If the moulding material has an outer- 
35 most matrix resin tubular layer the matrix resin may some times mel1 
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and stick to the inner surface of the dies when the moulding material 
is loaded into the moulding tool. In this case, the external 
appearance of the reinforced fibre plastic tubular product formed 
from the moulding material will be impaired, and the value of this 
5 tubular product decreased. However, among the variations of the 
moulding material related to this invention is one moulding material 
with the structure retaining a reinforcing fibre layer outermost 
which is not subject to the aforementioned problem when this moulding 
material is loaded into the preheated moulding tool. 

10 Moreover, with this moulding material, resetting can be done 

within the moulding tool when a proper loading of the moulding 
material into the dies cannot be executed initially. In this way 
an adequate setting within the moulding tool is always ensured with 
this moulding material, and the reinforcing fibre layers are main- 

15 tained free from bending, wrinkling, and becoming disarranged in the 
positioning of the fibres. 

Therefore, the fibre reinforced plastic tubes formed frcm 
the moulding material of this invention, can be provided with 
superior physical properties. 

20 The moulding material with the laminated structure as shown 

in Fig. 2a and consisting of a flexible tube, a matrix resin tubular 
layer and a reinforcing fibre tubular layer with the specifications 
given in Table 1, was prepared. This moulding material 5 was 
loaded into moulding tool 6 as illustrated in lig. 3, together with 

25 a fibre reinforced plastic joint 9 set within the molding tool and 
a pressure line 7 connected to the inner tube and then the moulding 
tool was clanped. The dies were then heated up to a moulding 
temperature. 

Simultaneously , nitrogen gas was charged under pressure 
30 inside into the flexible tube at 5 kg/cm 2 . The moulding material 
within the moulding tool was foirod by the force of the gas pressure 
into a racket frame. The results are displayed in Table 1. 



-2- 



00404 




O 



ho 



(D 



bOf 



v . al 60 5 l3 C *Q 



T3 
(D 

s 



5 



ho 

^ a o 



O -H 
O E 
O 



x 

O -H 
O S 
. O 
lO o 

tH CO 



lO o 



o s 
o 

lO o 
iH CO 



f-l 

CD 



hO 



2 



I 

& 



(D 

T"t O 

O -M 



a) 

rH 
hD 

S 



2 



a> 







o 
8 
+ 1 



O 



O 



as a> 



-19 - 



CD ^J* 



2? 

o o 
to m 



co i> 



o 

CO 



a) 
co 

a 

8 
i-i 



03 
03 
-H 

a 

o 
o 



CO 



O +> 
€0 

CO CO 
•H W 0) 
6 Q) C 
S H rl 

to ^ 




CO 4-> ^ 
>» 0) E 
co bo 

*CJ CD CD 
0) +* w 



a' 



a m 

P JQ 



4 



I 

o SI 



CM 



It 



CO 



o o o 
mom 

«3« tH ^ 

+ I 



f 

o 
in 



•3 ^ co 



in 



5 



a 

o 
o 




- 10 - 



0040492 



Comparative Example 

Separately from the said moulding material, another moulding 
material had also been prepared. This moulding material consisted 
of a layer of carbon fibre braid fitted over a butyl rubber tube and 
having the carbon fibres placed in such a way such that the angle of 
5 the carbon fibre would be 45°, and a layer of the reinforcing fibres 
- inpregnated with 60 vol.% with epoxy resin capable of showing high 
tackiness at normal tenperature. 

When this moulding material was loaded into a preheated 
moulding tool, the matrix resin melt and stuck to the inner surface 
10 of the nr>ulding tool. Trouble free loading could not be effected 
and loading was acconpanied by many difficulties. 

Purtheimore, the reinforcing fibres were detected as having 
incurred bending and wrinkling at several points, showing also 
disorder in "the arrangement of fibre angles. 
15 On "the other hand, with the moulding material of the 

invention, loading at roam tenperature was effected with the matrix 
resin sticking only very slightly to the inner surface of the dies. 
In the comparative material the reinforcing fibres were found to haw 
many bends and wrinkles, as well as with much disorder in the angle 
20 fibre arrangement angle. 

Moreover, much time was required to heat the dies up to 
130°C, resulting in a considerably long cycle time for forming. 
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CLAIMS 

1. A tubular moulding material comprising a resin matrix and 
fibre reinforcement characterised in that a matrix resin tubular 
layer and a reinforcing fibre tubular layer are provided co-axially 
and substantially separate frcm each other about a central tube 
which is substantially impervious to fluid pressure. 

2. A moulding material according to claim 1 in which a 
reinforcing fibre tubular layer is provided as the outermost layer. 

3. A moulding material according to either of claims 1 and 2 
wherein the central tube is a material with elastic properties. 

4. A moulding material according to either of claims 1 and 2 
in which the central tube is made from ABS resin, polyvinylchloride , 
polypropylene, poly amide or polyester. 

5. A moulding material according to any one of claims 1 to 4 
wherein the matrix resin is a thermosetting resin. 

6» A moulding material according to any one of claims 1 to 5 

wherein the matrix resin is in semi-solid state at room tenperature 
and has a low tackiness. 

7. A moulding material according to claim 6 wherein the matrix 
resin has a tackiness of 10 to 500 poise at a moulding tenperature. 

8. A moulding material according to any one of the preceding 
claims wherein reinforcing fibre is in the form of a tube of braided 
fibres. 

9. A moulding material according to any one of claims 1 to 6 
wherein the tube of reinforcing fibre is made up of a fibre texture 
sheet or a fibre braided tape tubularly wound. 
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10. A moulding material according 
claims wherein there is provided more 
of the fibre layers and resin layers, 
alternating. 

11. A moulding material according to claim 10 wherein a tube of 
fibres produced by a filament winding technique is used for an 
intermediate tubular layer. 

12. A method of producing a tubular structure by moulding a 
resin to incorporate a fibre reinforcement characterised in. that 
at least one resin matrix tubular layer and at least one tubular 
layer of reinforcing fibres are co-axially located about a central 
tube which is substantially inpervious to fluid pressure, the fibre 
.and resiii layers being substantially separate and alternating, the 
assentoled structure is placed in a mould and fluid pressure is pro^:\ 
vided in the central tube and heat in the mould, to shape the 
material and cause the resin to impregnate the fibre reinforcement . 



to any one of the preceding 
than one of one or both 
the fibre and resin layers 
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